1961. Filamentous growth in cultures of Sphaerotilus natans can be measured and compared with total growth by a standardized procedure of winding filaments around an inoculating needle. Filaments and residual growth are then separately washed on Millipore filters, dried, and weighed. This method has been used to study changes in the growth habit of S. natans elicited by changes in the concentration of nutrients in the medium. The concentration of peptone, in a medium containing a sugar, phosphate buffer, and inorganic salts, has a much greater effect on the proportion of filamentous growth than does the nature or concentration of the carbon source or the concentration of phosphate buffer. Filament formation is significantly inhibited by concentrations of peptone greater than 0.25 %; further increases in peptone concentration stimulate the production of large amounts of capsular material. Increasing the concentration of phosphate buffer to 0.05 M almost completely inhibits growth of S. natans.
Sphaerotilus natans is a common inhabitant of polluted streams and may seasonally become an important nuisance, especially in commercial fishing areas. It has been suggested that the sudden appearance of the filamentous form of Sphaerotilus in large amounts implies the prior existence of the organism in the stream in the form of Cladothrix dichotoma (Naumann, 1933 Pringsheim (1949a, b) . Lackey and Wattie (1940) , Stokes (1954) , and Hohnl (1955) have estimated relative amounts of growth in various media differing in carbon source, as well as in organic and inorganic nitrogen sources. Scheuring and Hohnl (1956) made extensive studies of the ability of S. natans to utilize selected carbon and nitrogen compounds as well as sulfite pulping wastes, measuring growth by visual estimation or by total dry weight.
In the present study, a method of estimating filamentous growth was developed and used in studying the growth habit of S. natans elicited by the variationi in concentration of nutrients in the medium. Under certain conditions a large amount of slime is produced by the cells. The isolation, purification, and chemical analysis of a polysaccharide obtained from the slime layer will be described in a future communication. FILAMIENTOUS GROWTH OF1 S. NA TANS a fine, curved capillary pipette to plates containing the same medium, streaked, and incubated at 25 C. Usually this procedure was sufficient to separate S. natans from contaminating organisms. In our hands this direct method was more successful than that recommended by Stokes (1954) .
Culture conditions. The medium used for maintaining stock cultures had the following composition (values in per cent); dextrose, 0.1; peptone, 0.025; agar, 0.2; M\gSO4*7H20, 0.005; CaCl2, 0.00125; FeCl3 6H20, 0.00025; potassium phosphate buffer, pH 7.1, 0.01 M; deionized water. Cultures were transferred weekly.
Inocula for experiments were prepared by transferring the stock culture to an agar slant of the following composition: yeast extract, 0.2%; agar, 1.5%.
After incubation for 24 hr at 30 C, the cells were scraped from the surface of the slant and suspended in 10 ml of sterile, deionized water.
Liquid medium. The basal medium contained 0.02 % MgSO4 77H20, 0.0050% CaCl2, and 0.001 % FeCl3 616H20
in deionized water (Stokes, 1954) . Concentrations of glucose and peptone, except where varied, were 0.5 % and 0.05%, respectively. Potassium phosphate buffer was maintained at pH 7.1 at all concentrations used and was sterilized separately and added to the flasks before inoculation. Each sugar was also sterilized separately. The liquid medium, 100 ml in 500-ml Erlenmeyer flasks, was inoculated with 0.25 ml of cell suspension and incubated at 30 C without shaking. Maximal growth was reached in approximately 48 hr. Measurement of total growth and filament formation. After 48 hr, the contents of each flask were divided equally among three test tubes (22 by 200 mm). Removal of filaments was accomplished by winding them on a long inoculating wire, using the following standard procedure. The contents of each tube were stirred with the wire 60 times, approximately twice per second, the collected filaments pushed off the wire onto a previously weighed Millipore3 filter (SM 5 ,u pore size), and the procedure repeated. The combined filaments from the three tubes were washed while on the filter with 10 ml of deionized water and the filter placed in an aluminum weighing dish. The dish and filter were dried together, before use, at 103 C for 2 hr, cooled, and weighed. The winding procedure removed all growth from the medium except single cells and short filaments, approximately 3 mm or less in length. The remaining culture fluid from each tube was then poured onto a second tared filter and the tubes were rinsed with deionized water onto the filter. The residue was washed while on the filter with 10 ml of deionized water and the filter placed in its dish. All filters with deposited organisms were dried in an oven at 103 C to constant weight (approximately 5 hr).
Mlicroscopic examination. Cell morphology and sheath 3Millipore Filter Corporation, Watertown, Mass. formation in various cultures were examined in wet mount preparations under oil immersion, using a phase contrast microscope. Observations of the form and relative amount of capsular material were made using the India ink method recommended by Duguid (1951) .
RESULTS
Relation of filament formation to the nature and concentration of sugar. In Fig. 1 are plotted dry weights representing total and filamentous growth on five sugars: glucose, mannose, fructose, sucrose, and maltose. Each sugar was tested at three concentrations: 0.1, 0.5, and 1.0%. There were two notable differences in cultures grown on different carbon sources. First, of the three monosaccharides tested, only fructose compared with the two disaccharides in maximal total growth supported. Mannose was a very poor carbon source at all concentrations, and glucose supported a maximal total growth only one-third of that obtained with fructose, maltose, or sucrose. Second, variation in concentration had only slight effects on total growth with mannose, glucose, and maltose, but with fructose and sucrose increasing concentrations of sugar caused a sharp decrease in total dry weight.
Although the pattern of total growth vraried markedly with different sugars, neither the specific sugar used nor its concentration seems to be responsible for a significant change in the manner of growth of S. natans. With the three sugars which supported good growth, fructose, sucrose, and maltose, the amount of nonfilamentous material remained fairly constant. With glucose and mannose, the proportions of filamentous growth at different concentrations were more variable; at a concentration of 1 % of either sugar, filament formation was retarded, but the total amount of growth Variation with peptone concentration. The data presented in Fig. 3 indicate that only at low concentrations of peptone was the filamentous growth a substantial proportion of the total dry weight. The ratio of filamentous to total growth decreased with increasing peptone concentration, although total weight continued to increase.
In this experiment, the production of voluminous slime at high peptone concentrations was noted. The culture containing 0.5 % peptone required 4.5 hr for filtration, even though part of the culture fluid was centrifuged before filtering. A flask containing 1.0 % peptone was included in the experiment but due to the difficulty experienced in filtration of the 0.5 % peptone culture, no measurements were attempted. The culture was examined in wet mount with India ink and was found to be generally composed of single cells and short filaments, all surrounded by large amounts of slime ( Fig. 4 and 5) .
In Fig. 6 are shown at low magnification the large masses of slime containing embedded single cells and short filaments which were characteristic of cultures grown in high-peptone media. The amount of slime was found to increase with incubation time, up to 5 days. Fig. 7 and 8 are electron micrographs of cells from a 72-hr culture in the 1.0 % peptone medium. The cells shown in Fig. 7 appear normal, being surrounded by a well-defined sheathlike structure. In Fig.  8 is shown a portion of a filament surrounded by a large amount of slime which appears as masses of dried, amorphous material.
The observation of Stokes (1954) that growth in stationary flasks occurs primarily in a surface pellicle, with a thin film of short filaments clinging to the sides and bottom, was confirmed in our studies. The culture medium remained essentially clear, and turbidity was observed only in those flasks where filamentous growth formed a small proportion of total growth, i.e., in high-peptone medium. However, the nature of the pellicle may vary greatly with the carbon source and its concentration. All pellicles were formed of extremely long filaments of ensheathed cells as well as empty sheaths. India ink wet mounts are indispensable in assessing the amount of capsular material surrounding the filaments. It has been observed that the sheath is commonly surrounded by a well-defined capsule, the thickness of which varies over a wide range. The R (rough) to S (smooth) dissociation reported by Stokes has also been observed and has been found to be accompanied invariably by a large increase in the amount of capsular material. However, a rich medium has not been found to be a necessary condition for the dissociation. It has also been observed that changes in constitution of the medium produce striking, but difficult to E. GAUDY AND R. S. WOLFE of the cells, the diameter of the defined capsule, and the rigidity of the sheath.
DISCUSSION Of the four parameters tested for effect on formation of filaments, i.e., nature of carbon source, concentration of carbon source, concentration of phosphate buffer, and concentration of peptone, only the latter caused a significant alteration in the growth habit of S. natans. Microscopic examination of the culture indicated that this effect is possibly brought about at the expense of disturbances in the normal metabolism of the cells. Although many of the cells were normal in appearance (Fig. 5) , a large proportion of the population exhibited extensive deformation and lysis (Fig. 4) . This morphological abnormality was not attributable to the age of the culture, since cultures of equal age, in which filament formation was not inhibited, had a normal appearance.
A possible explanation for the disturbance in metabolism due to high peptone cQncentrations is suggested by Wuhrmann's (1949) observation that tryptophan, cystine, and methionine inhibit growth of S. natans in concentrations as low as 0.2 mg per liter. However, Hohnl (1955) found no inhibition with tryptophan at 100 mg per liter; tyrosine and cystine retarded growth at this concentration. Scheuring and Hohnl (1956) reported no complete inhibition of growth due to amino acids. However, they did observe delayed growth and changes in "growth form" at concentrations of 0.1 % with leucine, threonine, cystine, and tyrosine. The observed differences in total weight obtained with different sugars may reflect differences in the metabolic utilization of these compounds. It is especially interesting to note the differences in weights obtained with glucose and with maltose, the utilization of which would be expected to differ only by a single enzymatic step. However, the macroscopic and microscopic observations of the numbers of cultures grown in the laboratory on different media suggest that interpretation of total volume or total dry weight as a measure of cell replication or growth may be misleading. It is suggested that the contribution of the capsular material to the total weight and especially to the volume of growth has not been given sufficient consideration in studies using S. natans.
